INTRODUCTION
The variability of the annual equilibrium-line altitude (ELA) is a valuable proxy for the variability of glacier mass balance (e.g. Zhang and others, 1998; Shea and others, 2013; Brun and others, 2015) . In the absence of other measured glaciological, meteorological or hydrological data, the ELA could also be used to validate glaciological model results. The main objective of this study is to use remote-sensing approaches in order to compute the ELA for eight glacierized mountain ranges across the Tibetan Plateau (TP). These ELAs are then used to reveal differences in glacier response to the various climatic forcings on the TP, where only few and spatially dispersed mass-balance studies have been conducted to date.
The selected regions of interest (ROIs) are distributed heterogeneously across the TP, spanning an east-to-west transect (Fig. 1) . The eight study sites are: the Purogangri ice cap on the central TP, two regions in the western Nyainqêntanglha range, the Targo Gangri, Shankangsham and Surla ranges in the south-central TP, the Gurla Mandhata massif in the southwest and the Muztagh Ata in the west of the TP (Fig. 1) .
The area of the TP covers different climate regions with distinct influences on glaciers. In simplified terms: (1) the precipitation and temperature decreases from the southeast to the central western plateau, (2) the accumulation regime changes from summer-accumulation type in the east to winter-accumulation type in the west, and (3) the glacier types change from temperate in the southeast to polythermal and cold glaciers in the continental west (Shi and Liu, 2000; Rupper and Roe, 2008; Maussion and others, 2014) . All lakes fed from glaciers in the ROIs show increased water levels between 2003 and 2009, which seems to be induced by increased precipitation rates as well as by glacier meltwater (Zhang and others, 2011; Wu and others, 2014) . Wu and others (2014) found that glacier melt contributed 21% of the recent increase in the volume of Nam Co lake. Except for the southeastern slope of the Nyainqêntanglha range, none of the ROIs has an outflow to the sea (e.g. Neckel and others, 2013) .
STUDY SITES
The Purogangri ice cap (PIC) is Tibet's largest ice cap in the semi-arid central plateau ( Fig. 2 ; Table 1 ). Its glaciers have a spring and summer accumulation regime. The region receives $70% of its precipitation between May and September ( Fig. 3) and is influenced by strong westerly winds during winter (Maussion and others, 2014) . Neckel and others (2013) found the recent PIC geodetic mass budget to be close to equilibrium, with a mass balance of -44 AE 15 mm w.e. a -1 between 2000 and 2012. The western Nyainqêntanglha range is located in the southern central TP at the transition zone between temperate and subcontinental glaciers (Bolch and others, 2010;  Fig. 2 ; Table 1 ). It is influenced by westerlies in winter but has a distinct summer accumulation regime in connection with the Indian monsoon. More than 90% of annual precipitation falls between May and September (Fig. 3) . We differentiate two ROIs in the western Nyainqêntanglha range to take into account distinctly different synoptic climatology on the two sides of the hydrological divide: a northwest-oriented slope (NWN) and a southeast-oriented slope (SEN; Fig. 2 ). The glaciers in the NWN drain into Nam Co lake. The glaciers on the southeastern slope drain eventually to the TsangpoBrahmaputra River (Yao and others, 2008) . The ice cover in SEN reaches higher than on NWN (Table 1) but both slopes showed similar glacier change rates (Bolch and others, 2010) . Total glacier area decreased by -9.9 AE 3.1% between 1976 and 2009 and no glacier was found to be advancing. Mean glacier surface elevation changes of -8.39 m from Ice, Cloud and land Elevation Satellite (ICESat) and Shuttle Radar Topography Mission (SRTM) data were found between 2003 and 2009 in the western Nyainqêntanglha range (Wu and others, 2014) . Zhao and others (2014) studied Gurenhekou glacier as representative of the southern slope of the Nyainqêntanglha range, and found an average retreat rate of 8.3 m a -1 . Mölg and others (2013) calculated the 2001-11 mass balance of Zhadang glacier in the western Nyainqên-tanglha range using a physically based model. They detected mid-latitude climate as a possible driver of glacier massbalance variability in this region.
Extending the transect to the west, we chose to add three ROIs in the central Trans-Himalaya. These glaciers belong to the subcontinental and the extreme continental type. The mountain range, south of Tangra Yumco lake, is called Targo Gangri in the following, as mentioned by Hedin (1909) (Fig. 2 Town (2008) . Its glaciers drain into Dawa lake to their south. Glaciers in the Surla range (Styron and others, 2013) drain into the Rinchen Tshubsu in the north and, to a lesser extent, into Palung Co in the southeast ( Fig. 2 ; Table 1 ). The glaciers in all three ROIs belong to a pronounced summer accumulation regime type, receiving up to 70% of its annual precipitation in June to August (Fig. 3) . Absolute values of annual precipitation within the High Asia Refined reanalysis (HAR) dataset must be cautiously interpreted (Huintjes, 2014) . They range well below 500 mm for all three ROIs.
The Gurla Mandhata or Naimona'nyi massif is located in the southwestern TP ( Fig. 2; Table 1 ), an area of monsoonal and westerlies influence. Here a summer accumulation regime with a second precipitation maximum in February is identifiable (cf. Maussion and others, 2014) . Ye and others (2009) found an increasing glacier shrinkage in the Gurla Mandhata massif of 0.77 km 2 a -1 from 1999 to 2003. Tian and others (2014) find a stronger thinning at Naimona'nyi glacier in the Gurla Mandhata massif between 2008 and 2010 (-1.34 m) than between 2010 and 2013 (-0.87 m), probably due to more than average precipitation in the latter years.
The Muztagh Ata massif is located in the eastern Pamirs (Fig. 1) . In the western margin of the TP, the monsoon influence (if any) is very weak. The westerlies are predominant, with a precipitation maximum in spring (Maussion and others, 2014) . The glaciers belong to the extreme continental or cold glacier type (Huintjes, 2014) .
Huintjes (2014) calculated the mass balance of the PIC, Zhadang glacier, Muztagh Ata glacier and Naimona'nyi glacier in the Gurla Mandhata range from 2001 to 2012 using a physically based energy-balance model. Yao and others (2012) derived annual mass balances from in situ measurements for Muztagh Ata glacier (2002, 2003, 2006, 2008 and 2010) and Naimona'nyi glacier in the Gurla Mandhata massif (2006, 2008, 2009 and 2010) , among others. Glacier mass loss generally decreases from the Himalaya to the continental interior, with slightly positive mass balances observed on Muztagh Ata glacier in the eastern Pamir. Glacier thickness changes for the entire Pamir-Karakoram-Himalaya arc between 2003 (Kääb and others, 2015 show lowering in eastern Nyainqêntanglha and the Gurla Mandhata region, but a slight thickening for the Gurla Mandhata region and even a slight thickness increase of up to 0.15 m a -1 for the easternmost Pamir comprising Muztagh Ata. (2012) and Yao and others (2014) .
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DATA
MODIS data
We use the Terra and Aqua Level 1B Collection 05 MODIS (Moderate Resolution Imaging Spectroradiometer) swath data (MOD02QKM and MYD02QKM) with radiance calibrated on board and global coverage every 1-2 days. The dataset provides calibrated and quality-assessed radiance. We work with band 1 (visible light, 620-670 nm) and band 2 (near-infrared, 841-876 nm) which are provided at a spatial resolution of 250 m. The Terra (Aqua) satellite crosses the TP around noon (in the afternoon) at local solar time (Hall and others, 2006) . We used Terra (Aqua) data from 1 July to 30 September in the years 2001 (2002) to 2012 (2012) . We utilized the cloud mask provided in the Terra and Aqua snow-cover level 2 swath data (MOD10L2 and MYD10L2) with a 500 m resolution (Hall and others, 2006) .
ASTER digital elevation model and glacier mask
Terrain elevations were derived from the ASTER Global Digital Elevation Model (GDEM), Version 2 available at the NASA Land Processes Distributed Active Archive Center as a contribution of METI (Ministry of Economy, Trade and Industry, Japan) and NASA. Its spatial resolution is 30 m. For each ROI, ASTER data were resampled to 250 m resolution using the nearest-neighbour method and co-registered with the MODIS scenes to derive a single altitude per MODIS pixel. For calculation we considered MODIS pixels located in the glacier masks derived from the glacier outlines. The PIC glacier mask was obtained from Neckel and others (2013). The masks for the Nyainqêntanglha range were taken from the Randolph Glacier Inventory (RGI; Pfeffer and others, 2014) Version 3.2, available at http://www.glims. org/RGI/. In this particular region the RGI glacier masks proved to be very accurate compared to the older Chinese glacier inventory (CGI) (Bolch and others, 2010) . The glacier masks for the regions of Targo Gangri, Surla and Shankangsham (personal communication from T. Bolch, 2014) were derived by a threshold approach on a Landsat band ratio (band 3/band 5). The glacier masks of the Gurla Mandhata and Muztagh Ata massif from 2000 were provided by Nicolai Holzer of the Dresden University of Technology, Germany.
Climate data
Mean monthly climate data at 10 km resolution were obtained from the High Asia Refined reanalysis data (HAR10; Maussion and others, 2014, http://www.klima.tuberlin.de/HAR). For each ROI, an area covering the extent of the glacierized area plus a one-pixel margin is considered (Fig. 2) . We selected the climate variables for their possible direct (2 m air temperature (°C) and precipitation (mm h -1 )) or indirect (wind speed (m s -1 ), meridional and zonal component at 10 m above ground, 400 hPa and 300 hPa levels) influence on glacier mass balance.
To study large-scale climatic controls we used several standard teleconnection indices. The Hurrell North Atlantic Oscillation (NAO) index is defined as sea-level pressure differences over the Atlantic sector ( 
METHODS Preprocessing
The swath data were projected using the ENVI plug-in MODIS Conversion Toolkit (MCTK) providing automatic bow-tie correction. The reflectance data are returned as dimensionless numbers between 0.0 and 1.0. The snow-cover data were resampled to a 250 m resolution using nearest-neighbour interpolation, and the binary cloud mask was extracted subsequently. For every ROI, we saved each Terra and Aqua reflectance scene, together with the respective glacier mask, DEM and cloud mask. Each scene was then screened for quality assessment.
Snow/ice classification and transient snowline altitude
Considering the data within the glacier mask, we first applied the cloud mask and excluded erroneous pixels and scenes with linear distortions. After applying a spatial cloud filter (Spieß and others, 2015) scenes with <45% data coverage were excluded.
To differentiate snow and ice surfaces, a k-means cluster analysis was performed (cf. Shea and others, 2013) . The result was monitored to exclude scenes which are fully snow-covered and not suitable for a cluster analysis.
The mean altitude of the transient snowline was taken as the 13th percentile of the snow-covered altitudes, following a similar approach to that of Shea and others (2013) . In our earlier study using MODIS 500 m data at PIC, the absolute altitude using this threshold was validated against Landsat imagery (Spieß and others, 2015) . For this study, four cloudfree Landsat images could be used for validation (Table 2 ; Fig. 4 ). The number of scenes is limited because the Table 1 . Overview of spatial data and climate data of all study regions (MA: Muztagh Ata; GM: Gurla Mandhata; S: Surla; Sh: Shankangsham; TG: Targo Gangri; PIC: Purogangri ice cap; NWN: northwest-oriented slope; SEN: southeast-oriented slope). t2 is standard deviation of temperature at 2 m above ground snowline has to be clearly visible and a MODIS scene with enough valid pixels has to be available for the corresponding acquisition date. A snow pixel area ratio (SAR = A_snow/A_total) was calculated for Landsat and MODIS scenes, and the altitude of the digitized Landsat snowline was compared to the corresponding daily MODIS snowline altitude (Table 2) . Within these four scenes the mean difference between the SAR of Landsat and the SAR of MODIS is minor ( Table 2 ). The mean difference between the mean snowline altitude (MSA) of Landsat and the 13th percentile of MODIS snow pixel is 23 m. The Surla scene displays the largest discrepancy, with the MODIS-derived MSA being 73 m higher than the Landsat-derived MSA. This can be ascribed to the poor MODIS data coverage of 56%. To account for the fact that incomplete data coverage of the single scene might result in overestimation of the highest snowline altitude, the transient snowline altitudes are weighted by the percentage of the underlying data coverage (cf. Shea and others, 2013) . In the considered Surla scene the MSA difference is thus reduced to 39 m after weighting. Varying the selected percentile between 10th and 20th leads to an absolute change of 61 m but it affects the variability of the ELA only negligibly (Spieß and others, 2015) .
Equilibrium-line altitude
Provided a required minimum of 10 days holding valid reflectance data during the observation period is reached, the resulting highest position of the transient snowline within the ablation period is taken as the ELA proxy. This approach differs slightly from those of other authors: Shea and others (2013) who used the maxima from a loesssmoothed time series of transient snowline elevations; Mernild and others (2013) who used a second-order polynomial regression to estimate the highest position of the transient snowline; and Dumont and others (2012) and Brun and others (2015) who used the minimum albedo value to estimate the annual mass balance. The average annual cycle of albedo derived from the MODIS snow product data for Purogangri, Gurla Mandhata and Targo Gangri shows its minimum within this period from July to September, even though the albedo also considerably declines during winter when there is little ablation but also no accumulation. We used the same set of parameters for all ROIs to obtain a comparable proxy for the variability of the ELA, rather than aiming at retrieving true absolute altitudes.
ELA and climate
Finally, a single linear correlation analysis was performed in order to relate the interannual variability of the annual ELA 
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to the underlying climate forcing represented by various monthly predictors and teleconnection indices as introduced in the data section. The correlations refer to conditions during the glaciological year from October of the preceding calendar year until September of the actual year (Spieß and others, 2015) . 
RESULTS
Transient snowline altitude
Equilbrium-line altitude
Interannual ELA proxies are shown in Figures 6b, 7b, 8b and 9b. Uncertainty in the estimated ELA is related to the percentile used to calculate the transient snowline altitude, which was varied in this study between 10th and 16th. The errors range between 31 and 84 m. The year 2001 does not allow calculation of the ELA proxy in most ROIs because the required minimum of 10 days with valid reflectance data during the observation period is not reached. In Figure 8b the interannual variability of the ELA proxy resulting from a previous method based on 500 m spatial resolution MODIS data (Spieß and others, 2015) is added for PIC. Both time series are highly and significantly correlated (r = 0.91), showing that our method is robust. Additionally we show the interannual variations of various monthly climate predictors (Figs 6c, 7c, 8c and 9c) and indices (Figs 6d, 7d, 8d and 9d) featuring pronounced correlation with the interannual ELA proxy variability.
For example, a significant correlation of the interannual ELA variability is present between SEN, NWN and Purogangri as well as between SEN and Shankangsham. A less significant correlation exists between SEN and Gurla Mandhata as well as between Targo Gangri and Gurla Mandhata (Table 3) . But the time series do not all systematically correlate with each other. This is due not only to different reactions of the glaciers to climatic forcing but also to the fact that the interannual variability of the climatic predictors is not uniform across the TP. Even ROIs spatially close to each other show differences in the interannual variability of temperature and precipitation (Fig. 7c) . The standard deviation of the interannual temperature is higher in the winter months (highest at Muztagh Ata; Fig. 6 ) whereas the precipitation has a higher interannual variability in the summer months (Table 1) . Not only the amplitude of the variability but also its algebraic sign can be different in the same year across the TP, confirming the essential different climatic patterns due to large-scale circulation and local factors. SEN and NWN show similar patterns of ELA proxies with a significant correlation (r = 0.71; Table 3 ). The mean annual ELA of SEN lies 10 m higher and the variation is less pronounced (Table 1 ). The three ROIs in the central Trans-Himalaya show a similar progression in the interannual ELA, except for 2011 at Surla and 2007 at Shankangsham (Fig. 7b) . The mean standard deviation of (Table 1 ). The maximum difference in ELA between any two consecutive years is rarely >50 m except for Muztagh Ata where this value exceeds 100 m. The skill of the percentile approach in estimating the transient snowline altitude (and consequently the ELA) can be seen by comparing the median altitude of glaciers in each ROI (Table 2) . Median glacier elevation is commonly used to infer the ELA (e.g. Braithwaite and Raper, 2010) .
Climate and ELA
Correlations of annual ELA with climatic predictors from particular months are shown in Tables 4-8. Some ELA (r = 0.78). In September a higher wind speed is connected to a lower ELA. Neckel and others (2013) found the mass budget of PIC to be close to equilibrium (-44 AE 15 mm w.e. a -1 between 2000 and 2012) with slight thickening at higher and thinning at lower glacier elevations. This might be related to an increase in ablation due to higher temperatures and an increase in accumulation due to higher precipitation rates.
In the Nyainqêntanglha range a warmer and/or drier environment in November to February leads to a higher ELA, possibly due to enhanced sublimation (e.g. NWN Feb: r = 0.78, r = -0.70; Table 5 ). At SEN a positive phase of the EAWR as well as of the NAO in February decreases the temperature and lowers the ELA (r = -0.69, r = -0.68). The precipitation effect in June as described by Mölg and others (2013) is not seen in our data. In June and July the temperature increases the melt and raises the ELA (SEN: r = 0.67, r = 0.73). In July the temperature increases with southerly flow and raises the ELA (SEN: r = 0.77) whereas increased zonal wind seems to block this connection (SEN: r = -0.58). At NWN a positive phase of the MEI (El Niño) and DMI (warmer western Indian Ocean) from October to February leads to a lower ELA.
At Targo Gangri the lowest interannual variability in ELA may be connected to the largest mean slope (Table 1) . Steep slopes do not favour clear correlation results. Positive phases of NAO and POL in February are connected to lower ELA, and southerly flow in July to higher ELA (Table 6) .
Shankangsham is the smallest ROI, with a mean slope of 9°, which makes the ELA proxy less reliable. Lower temperature and higher wind speed in March are connected to a lower ELA (r = 0.60, r = -0.63). A positive phase of the DMI, especially in June to August, is connected to a lower ELA. In July southerly flow is connected with higher ELA (r = 0.64) ( Table 6) .
Surla is the highest ROI, with a median height of 6100 m (Table 1) . No connections to the temperature and the precipitation are apparent (Table 6 ). Only the April correlations show significance; strengthened wind speed in that month is connected to a lower ELA (r = -0.63). Positive phases of the NAO and EAWR, which are here correlated with each other, lead to weaker wind speed in April and a lower ELA (r = 0.58, r = 0.77). Also in April a positive phase of the WP is connected to a lower ELA (r = -0.64). In July to September a connection to the DMI is visible (r = -0.61, -0.68), which hints at a monsoon coupling.
For Gurla Mandhata the small-scale climate directed by the surrounding valleys and their orientation might be more important than large-scale forcing. Still some correlations are noticeable, with many in July, even though they do not involve temperature and precipitation (Table 7) . In April, enhanced wind speed raises the ELA (r = 0.61). Higher temperatures throughout winter and spring also tend to raise the ELA. In July the dominant southwest wind direction might not bring snowfall, which would explain the positive correlation of zonal and meridional wind (r = 0.52, r = 0.55). A positive phase of the WP in July, which also prevails in August, is connected to a higher ELA (r = 0.60, 0.58). Increased southeasterly flow in August is correlated with lowered ELA, but increased westerly winds correspond with Table 6 . Same as Table 4 
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DISCUSSION
The reliability of the calculation of the transient snowline altitude depends largely on the initial quality of the data. MODIS imagery, with spatial resolution of 250 m, is better able to cover glaciers of extensive plan form, such as ice caps, than valley glaciers. Increased glacier slope also decreases the richness of detail of a satellite picture. The precipitation regime affects the data coverage due to cloud cover. Additionally, a summer accumulation regime might make it harder to detect the highest transient snowline in the ablation period because of continuous snowfall. In this case the transient snowline is likely to reach its highest position in the post-monsoon months in September or early October (cf. Brun and others, 2015) . We analysed the average annual cycle of albedo derived from the MODIS snow product data for Purogangri, Gula Mandhata and Targo Kangri, which shows its minimum within the period from July to September. For summer-accumulation-type glaciers the scene with the highest snowline is more likely to be missing due to cloud cover, in which case the ELA may be underestimated.
Regional ELAs have been used to infer regional mass balance (Pelto and Brown, 2012; Shea and others, 2013) .
However, within the same ROI, the transient snowline elevation can vary across individual glaciers. For example, the transient snowline elevation calculated for 15 August 2010 at 18 PIC glaciers varies from 5544 to 5807 m. Despite this variation, the mass balances of different glaciers in a specific region often show very high correlations (Pelto and Brown, 2012; Gardelle and others, 2013) . Temporal variability in the mean ELA is thus likely to be similar to that of the individual glaciers within a ROI.
The variability of the ELAs across the TP is equal neither in form nor in strength. Gurla Mandhata and Muztagh Ata have significantly higher interannual variation in precipitation than the other ROIs. Muztagh Ata displays not only the highest intra-annual variability of the transient snowline but also the highest interannual variability of the ELA proxy and median of the transient snowline. The spring accumulation regime, with considerable precipitation throughout the year, distinguishes Muztagh Ata from the other ROIs. From July to September Muztagh Ata receives the least precipitation (Table 1) , so sudden severe precipitation could lead to the more pronounced difference in the snowline altitudes at Muztagh Ata. At Muztagh Ata the high interannual variability of the temperature in summer (Table 1 ) might indicate a temperature forcing even though it cannot be seen in mean monthly temperatures below melting point. From July to September, wind speed is the highest at Muztagh Ata, which favours sublimation (Table 1) . Sublimation accounts for more than half the mass loss at Muztagh Ata, despite the high moisture content of the air (Huintjes, 2014) . Another explanation for the strong ELA variability might be a higher mass turnover, since this increases the altitude range of glaciers (Table 1) . The mean total amount of precipitation does not support this hypothesis (Table 1) , but due to uncertainties in the absolute values of the HAR data and the very high portion of solid precipitation (Huintjes 2014), it may still be a plausible explanation.
The interannual variability of the ELA at Muztagh Ata shown in Yao and others (2012) (Table 2) . We confirm the higher ELAs in the continental-climate (Tables 4-8 ) one has to bear in mind the limitation of the method, the short time-series duration and the possibility of unreliable correlations with climatic predictors. Furthermore, correlation does not imply causation. Nevertheless, high and significant correlations may well indicate climate-related forcing of the ELA proxy variability (Spieß and others, 2015) . The absence of correlation, on the other hand, does not negate a physical connection to the evolution of the annual ELA proxy since the connection may be masked by other factors or may not show up as interannual variability.
We focused on monthly instead of seasonal correlations with climatic predictors. We conducted a correlation analysis between all considered predictors but they were not all shown in detail for clarity. Annual and seasonal climate indices were also examined. In general, the correlations with the monthly indices reach higher significance. In only three cases did the annual positive or negative phase seem to influence the ELA more than a monthly or seasonal connection. An annual positive phase of the WP leads to a higher ELA at Gurla Mandhata (r = 0.74). The annual EAWR is correlated to the ELA in the western Nyainqêntanglha range. At SEN the corresponding correlation coefficient (r =-0.72) exceeds the monthly correlation in winter. At Shankangsham an annual positive phase of the DMI is connected to the interannual ELA (r = -0.69).
The variation of glaciological responses to climatic forcings between ROIs is very complex because not only the response but also the climatic driving forces are different even between spatially close ROIs. There are strong differences in precipitation between regions and seasons on the TP (Curio and others, 2015) . Teleconnections are even more complex to interpret when considering possible recycling of atmospheric moisture on the TP. Curio and others (2015) find that local moisture recycling provides $60% of the moisture on the TP. Also the snowfall in winter might have a storage function. Stored atmospheric moisture in snow might be recycled in the following warm season (Curio and others, 2015) .
CONCLUSION
The examination of remotely sensed ELAs, dynamically downscaled meteorology, and climate indices in this study demonstrates the varying and complex glacier-climate relations across the Tibetan Plateau. In very general terms summer air temperature is most important for the central and eastern parts of the Tibetan Plateau while winter precipitation has much relevance for glaciers in the west of the plateau. However, when looking into the details of spatially varying influences of various factors on the interannual variance of the ELA it becomes obvious that individual patterns are much more complex.
The interannual variability of the ELA is less pronounced in summer-accumulation type glaciers, and differs in form and strength even between spatially close ROIs.
Whereas increased westerly airflow in November enhances sublimation at PIC and Nyainqêntanglha, it is the driver of increased snowfall in the Pamirs, leading to a contrasting regional pattern of ELA variability.
Higher temperatures throughout winter and spring tend to raise the ELA at Muztagh Ata, Gurla Mandhata, Shankangsham and the Nyainqêntanglha range, even though temperatures are well below freezing point. This finding suggests that sublimation is favoured by rising temperatures even during periods with temperatures below freezing point, especially under arid conditions. Strong southerly flow in July is connected to higher temperatures and is correlated with an increased ELA. Only at Muztagh Ata and Surla is this pattern not visible. Direct influence of the monsoon indicated through the ISM is only visible at Gurla Mandhata in August and NWN in July, but it is implied through the DMI at Gurla Mandhata, Surla and Shankangsham between June and September. Additionally, at Gurla Mandhata there might be a monsoon-ENSO coupling between June and September. An ENSO signal is traceable in the westernmost ROIs. El Niño in spring (summer) is connected to a lower (higher) ELA at Muztagh Ata (Gurla Mandhata). Whereas a positive phase of NAO in February or March is connected to higher wind speed and a lower ELA at PIC, SEN, Targo Gangri and Shankangsham, it is connected to lesser wind speed in April and a higher ELA at Surla.
Our study shows a wealth of interesting relations that can be obtained by the explication of remote-sensing data of the snowline related to climate forcing. To expand our study's spatial coverage, future research activities will be focused on ice fields along the northern fringe of the Tibetan Plateau. Most observational mass-balance studies to date aim at trends or temporally integrated glacier change of single glaciers and the relevant driving forces behind these changes. Our study, however, aims at interannual regional mean glacier mass-balance variability. It would be of interest to concentrate on single glaciers to improve the validation by comparing with mass-balance studies. The use of longer time series in the future and an enhanced correlation analysis may offer even more conclusive results with which to investigate climatic forcing mechanisms to glacier response on the TP.
